The effect of the quaternary ammonium compound, didecyl dimethyl ammonium chloride (DDAC), on nitrate reduction was investigated at concentrations up to 100 mg/L in a batch assay using a mixed, mesophilic (358C) methanogenic culture. Glucose was used as the carbon and energy Most of the added DDAC was adsorbed on the biomass. Over 96% of the added DDAC was recovered from all cultures at the end of the 100-days incubation period, indicating that DDAC did not degrade in the mixed methanogenic culture under the conditions of this study.
INTRODUCTION
Anaerobic biological treatment has been proposed as a costeffective technology to achieve combined treatment of organic carbon and nitrogen in nitrate-bearing, high strength wastewaters and several studies have demonstrated the efficacy of this technology (Akunna et al. 1992; Tai et al. 2006) . However, the performance of such treatment systems is affected by the interaction of nitrate reduction, fermentation and methanogenesis. It has been reported that N-oxides, especially those produced as intermediates of denitrification (e.g., nitric oxide NO, and nitrous oxide Washing and other activities during food processing result in QACs-bearing wastewater. QACs are also widely used as disinfectants, fabric softeners, cosmetics, etc., and as a result are commonly found in the influent of municipal wastewater treatment plants (Martinez-Carballo et al. 2007a) .
QACs have high sorption affinity for (bio)solids (Tezel et al. 2006 (Tezel et al. , 2007 . As a result, QACs accumulate in sludge and are transferred to anaerobic digesters and/or accumulate in anoxic/anaerobic zones of aquatic sediments after discharge (Boethling 1994) . Didecyl dimethyl (DDAC) and alkyl benzyl dimethyl ammonium chlorides are major QACs found in anaerobic digesters and aquatic sediments (Martinez-Carballo et al. 2007b) . The effect of various QACs doi: 10.2166/wst.2008.068 and a mixture of four QACs in a commercial sanitizer on a mixed methanogenic culture was previously investigated and it was reported that QACs inhibited methanogenesis at and above 25 mg/L and resulted in accumulation of volatile fatty acids (VFAs) (Tezel et al. 2006 (Tezel et al. , 2007 .
Dissimilatory nitrate reduction to dinitrogen (denitrification) and dissimilatory nitrate reduction to ammonia (DNRA) are two biological nitrate reduction pathways.
In the case of DNRA, nitrate is reduced to nitrite and then to ammonia. DNRA is the major nitrate reduction pathway in anaerobic digesters receiving nitrate-bearing wastewaters due to the very low redox potential (Knowles 1982) , high sulfide concentration (Brunet & Garcia-Gill 1996; Tugtas & Pavlostathis 2007b) , and high COD/N ratios (Akunna et al. 1992) . The CMC value of DDAC was measured using a method which is based on the tautomerism of benzoylacetone (Dominguez et al. 1997) .
RESULTS AND DISCUSSION

Effect of DDAC on nitrate reduction
The assay testing the effect of DDAC on nitrate reduction lasted 100 days. The final pH in all culture series amended with DDAC was between 7.0 and 7.3, which was close to the final pH value of 7.0 and 7.2 in the glucose reference and seed blank cultures. Nitrate was rapidly converted to N 2 in the DDAC-free, nitrate-reference culture (Figure 2A ). whereas the nitrite and nitrous oxide reductases, which reduce NO 2 2 to NO and N 2 O to N 2 , respectively, are located in the periplasm (Zumft 1997) . Therefore, the latter two enzymes may be exposed to higher DDAC concentrations than the ones located in the cytoplasmic membrane.
Effect of DDAC on fermentation and methanogenesis
The inhibitory effect of DDAC on the same mixed, methanogenic culture and at a biomass concentration of 1.8^0.1 g VS/L, was previously demonstrated (Tezel et al. 2006) . DDAC had no long-term inhibitory effect on methanogenesis at 10 and 25 mg/L, but methanogenesis was inhibited at 50, 75 and 100 mg DDAC/L. However, methane production recovered between 80 and 100 days of incubation in the 50 mg DDAC/L series. In contrast, recovery of methane production was not observed at 75 and 100 mg DDAC/L. In addition, the net CO 2 production decreased at and above 75 mg/L DDAC, which was taken as an indication that fermentation was also inhibited at and above this DDAC concentration. About 95, 5 and 10% of the total COD was processed as methane and 9, 74 and 29% was processed and accumulated as VFAs at 50, 75 and 100 mg DDAC/L, respectively.
In the present study, among the nitrate amended cultures, methane formation was observed only in the DDAC-free and the 10 mg DDAC/L amended cultures.
A transient slow methane production was followed by a faster rate and total methane reached the expected level in the DDAC-free, nitrate-reference culture. However, 
